Abstract -The specific features of radical copolymerization of N , N -diethylacrylamide with acrylamide and the processes of diffusion of N , N -diethylacrylamide into the matrix of N , N -diethylacrylamide-acrylamide copolymers of various compositions were studied. The Huggins thermodynamic interaction parameters in the test copolymer-N , N -diethylacrylamide systems were determined and their dependence on the copolymer composition was obtained. It was shown that the type of this relation is determined by the effect of specific sorption of N , N -diethylacrylamide. An approach that makes it possible to take into account the effect of the specific binding of the blend components and to estimate their "true" local concentrations within the polymer coil was proposed.
INTRODUCTION
The past few years have seen increasing interest in the preparation of polymeric hydrogel systems with environment-responsive properties (such as the permeability and swelling coefficient). Thermosensitive water-swelling polymer systems are of particular interest. One of such systems consists of hydrogels formed on the basis of crosslinked poly( N , N -diethylacrylamide) (PDEA). This system is characterized by the presence of LCST, but this value for PDEA gels is rather low from the viewpoint of practical application (28-30 ° C).
The manufacture of polymer hydrogels to have their LCST varied over a wide temperature range usually includes the introduction of another water-soluble component that is similar to PDEA in chemical structure but has no LCST, for example, acrylamide [1] [2] [3] [4] [5] .
It is known that hydrogels based on crosslinked PDEA exhibit specific transport properties toward various substrates, e.g., proteins. An improvement in the selectivity of such transport can be considered a problem of creating models of membrane systems. The introduction of acrylamide into PDEA hydrogels makes it possible to control changes not only in LCST but also in the structure parameters of the crosslinked polymer, in particular, the crosslink density of networks and their permeability.
However, only the physicochemical and biomedical properties of such systems have been studied fundamentally to date. The goal of this investigation was to study the special features of the formation of hydrogels at their synthesis stage since it is during synthesis that the groundwork for the properties of the final product is laid.
The kinetic features of radical copolymerization of DEA-acrylamide binary systems, as well as the key aspects of the processes of DEA diffusion into a matrix formed by copolymers of different composition, were investigated.
EXPERIMENTAL
The kinetics of radical copolymerization of DEA with acrylamide was studied using a calorimetric procedure with a DAK-1.1 isothermal microcalorimeter at 60 ° C (the sample mass was ~0.1 g).
Poly( N , N -diethylacrylamide)-polyacrylamide (PAA) copolymers were prepared by radical copolymerization of the relevant monomers (10 wt %) in THF with AIBN as an initiator (3 × 10 -3 mol/l). The solution copolymerization of the DEA-acrylamide system gives linear copolymers with an average molecular mass of (2-4) × 10 4 . The composition of copolymers was determined by NMR spectroscopy.
Diffusion measurements were carried out by the interference micromethod at room temperature (20 ° C) according to a standard procedure [6] . A He-Ne laser with λ = 633 nm was used as a monochromatic light source. The optical wedge angle was ~2° . Copolymer films 5 × 10 mm in size and 100-120 µ m in thickness were used, dimensions that ensured the conditions of diffusion into semi-infinite space [7] . The copolymer specimens designed for diffusion experiments were purified after dialysis in bidistilled water with triple solvent replacement and then dewatered via the freeze drying technique.
The monomers were purified according to the conventional common procedure and were distilled twice in vacuum prior to experiment.
The concentration dependences for interdiffusion ( D ν ) and self-diffusion ( ) coefficients of monomers were calculated from the profiles of concentration distributions of components of comonomer-copolymer binary systems along the diffusion flux via the MatanoBoltzmann method [7] .
RESULTS AND DISCUSSION
Acrylamide units, which have an effect on the process of hydrogen bond formation or the character of hydrophilic-hydrophobic interactions, can exert a significant influence on the radical copolymerization behavior. Data on the composition of the synthesized copolymers are given in the table. It is evident that the copolymers become enriched in acrylamide units during copolymerization, thus suggesting a higher reactivity of acrylamide. The reactivity ratios r 1 and r 2 determined by the Ezrielev method [8] (at 5-7% conversion) were 0.047 ± 0.015 and 1.35 ± 0.27 for DEA and acrylamide, respectively. These strongly different values of reactivity ratios of comonomers can be interpreted in terms of the specific sorption effect.
Indeed, it should be expected that r 1 ≈ r 2 ≈ 1 according to the Alfrey-Price Q -e scheme, since it is unbelievable that terminal alkyl radicals formed by DEA and acrylamide significantly differ in reactivity. It may be assumed that the difference between r 1 and r 2 is most likely due to diffusion, rather than kinetic, constraints on the chain propagation reaction. It is known that the processes of diffusion of components in copolymercomonomers binary systems have a significant effect on the reactions of homo-and, especially, copolymerization at high conversions [9] . The diffusion of each comonomer into the copolymer matrix can be complicated by the specific sorption of comonomers on a macromolecule of a varying composition. The sorption leads to the situation that the local concentration of monomers near an active site of a growing macroradical can substantially differ from the average (in terms of the total volume) composition of reaction mixture. This concentration gradient can result from the difference between comonomers in the chemical affinity for the polymer matrix. This difference most probably accounts for the observed deviation in the copolymerization kinetics from the Mayo-Lewis model. There have been attempts to explain the copolymerization features related to the thermodynamic characteristics of D 1ϕ 2 copolymer-monomer systems in terms of the physical properties of monomer mixtures [10, 11] .
In order to take into account the effect of specific sorption, it is necessary to have information on the chemical affinity of the monomer mixture components for a copolymer of variable composition. One of the quantitative criteria that allows the estimation of the thermodynamic quality of solvent is the Huggins interaction parameter χ , which can be calculated from the concentration dependences of interdiffusion coefficients of monomers. In this study, these dependences were determined via the interference micromethod [7] . 
